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TRIBUTYL PHOSPHATE REMOVAL FROM REPROCESSING
OFF-GAS STREAMS USING A SELECTED SORBENT

G. B. Parker
Pacific Northwest Laboratory
Richland, Washington*

Abstract

Laboratory experiments have been conducted to determine the
effectiveness of inorganic sorbent materials to remove tributyl
phosphate (C4H403) PO, (TBP) vapors from fuel reprocessing off-gas
streams. These experiments used small laboratory-scale columns
packed with selected sorbent materials to remove TBP and iodine at
conditions approaching those in actual reprocessing off-gas streams.
The sorbent materials for TBP removal were placed upstream of iodine
sorbent materials to protect the iocdine sorbent from the deleterious
effects of TBP. Methyl iodide in an airstream containing 30% TBP in
normal paraffin hydrocarbons (NPH) and water vapor was metered to
two packed columns of sorbents simultaneously (in parallel). One
column contained a segment of 8-in. x 14-in. mesh alumina sorbent
for TBP removal, the other did not. The measure of the effective-
ness of TBP sorbent materials for TBP removal was determined by
comparing the iodine retention of the iodine sorbent materials in
the two parallel columns.

Experiments using a 18 wt% Ag substituted mordinite iodine
sorbent were conducted. Results indicated that the iodine retention
capacity of the sorbent was reduced 60% by the TBP and that the
column containing iodine sorbent material protected by the alumina
TBP sorbent retained 30 times more iodine than the column without
TBP sorbent. TBP concentration was up to 500 mg/m3. Similar experi-
ments using a 7 wt® Ag impregnated silica gel indicated that the TBP
vapor had little effect on the iodine retention of the silica gel
material. The stoichiometric maximum amount of iodine was retained
by the silica gel material.

Further experiments were conducted assessing the effects of
NO, on iodine retention of this 7 wt% Ag sorbent. After the two
columns were loaded with iodine in the presence of TBP (in NPH), one
column was subjected to 2 vol% NO, in air. From visual comparison
of the two columns, it appeared that the NO, regenerated the silica
gel iodine sorbent and that iodine was washed off the silica gel
iodine sorbent leaving the sorbent in the original state.

I. Introduction

Tributyl phosphate (C4HgO)3; PO, (TBP) diluted with dodecane
(or normal paraffin hydrocarbon, NPH) is the solvent extractant
commonly used in the PUREX process to separate uranium and plutonium

* Pacific Northwest Laboratory is operated by Battelle Memorial
Institute for the U.S. Department of Energy under contract

DE-ACO6-76RLO-1830.
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from fission products in spent light water reactor (LWR) fuel during
the dissolution process. When recycled acid is used in the disso-
lution process, small amounts of NPH and TBP vapor are released to
the off-gas streams, both from the dissolver and the vessel vent.
These gas streams contain other airborne fission products released
during the reprocessing steps. These airborne fission products need
to be removed. Iodine and organic iodides are major radioactive
constituents of these airborne products.

Current proposed treatment methods for iodine removal involve
the use of silver-loaded inorganic sorbents. European laboratory
and pilot-plant studies have shown that the presence of TBP vapor in
these gas streams reduce the capacity of the silver Beds to remove
iodine resulting in more frequent replacement of the silver beds. (1)
Studies at the Karlsruhe Reprocessing Pilot Plant (WAK) have shown
that airborne TBP in concentrations of approximately 6 mg/% signifi-
cantly reduced the iodine sorption capacity of AC6120 material.
Removal efficiency of AC6120, however, could be restored by intro-
ducing NO, into the air stream. Dodecane was found to have no
deleterious effects.

Very little work has been done in the United States on the
problems associated with the TBP contamination of the silver beds.
Previous work was reported at the 15th DOE Nuclear Air Cleaning
Conference. (2) This work reported on the screening experiments to
select candidate sorbents for TBP removal. Continued work in this
area involved demonstrating the effectiveness of the TBP sorbents in
a simulated off-gas stream. The investigation into air-cleaning
processes to remove TBP vapors from fuel reprocessing off-gas streams
is described more fully in PNL-2080-18. (3)

This paper focuses on the experiments using a selected solid
sorbent to remove TBP upstream of commercial sorbents used to remove
iodine from off-gas streams. It also describes the results of an
experiment to assess the effects of NO, on iodine retention of
silver sorbent, which was first loaded with iodine in the presence
of TBP.

II. Experiments and Results

A bench-scale demonstration unit was constructed to evaluate
the effectiveness of the selected sorbent to remove TBP under con-
ditions approaching those in actual reprocessing off-gas streams
(see Figure 1l). During experimentation, dry-cylinder air was fed to
two, jacketed, gas~washing bottles maintained at 50°C. The constant
temperature was maintained by water circulated around the reservoirs
of the bottles. The bottles each contained a mixture of water plus
30% TBP in NPH. The stainless-steel lines leaving the bottles were
heated to 100°C. Methyl iodide vapor in N, was fed to the air
stream by a Matheson mass-flow controller, and the entire stream was
metered to two columns through Matheson rotameters. The two columns
were 2.5 cm in diameter and made of stainless steel. One segmented
column was packed with a commercially available iodine sorbent, the
other column with two sections of the selected TBP sorbent material
followed by two or three segments of the same iodine sorbent as in
the other column. The column segments were held together by gaskets
and snap joint couplings (see Figure 2 for an example of a column

539

-—



16th DOE NUCLEAR AIR CLEANING CONFERENCE

segment). The entire column assemblies were placed in an oven and
maintained at 130 to 135°C for all experiments.
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Figure 1. Diagram of apparatus for loading

iodine onto selected sorbents.

During an experiment, the breakthrough of methyl iodide,
measured by electron capture gas chromatography, was followed in
each column segment throughout both columns. Methyl iodide analysis
was performed by periodically sampling the feed streams to the
columns and downstream of each packed bed segment with a gas-tight
syringe through septum sealed sampling ports. The effectiveness of
the TBP sorbent materials for TBP removal was determined by measuring
the iodine retention of iodine sorbent material. Provisions were
made to feed other vapors or gases into the main feed stream.

Evaluation of TBP Sorbent A

An experiment was conducted using the bench-scale demonstra-
tion unit to evaluate TBP sorbent A as a sorbent to remove TBP and
protect the iodine sorbent beds. Sorbent A is an 8 x 14 mesh granular
activated alumina that showed the highest TBP retention of any
material examined.

In this experiment, Column I contained two 5-cm segments of
material A followed by three 5-cm segments of a commercially avail-
able 18 wt% Ag substituted mordenite iodine sorbent. Column II
contained four 5-cm segments of the 18% Ag mordenite sorbent. The
columns were conditioned with air at 2% relatively humidity for
20 hr followed by 1 hr of conditioning with air plus TBP/NPH vapor
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prior to metering methyl iodide into the air stream. During the
experiment, average airflow was 2 2/min, and average methyl iodide
concentration was 160 mg/m3. TBP vapor concentration was about
500 mg/m3.

T~ SNAP-JOINT COUPLING

Figure 2. Typical stainless-steel column segment
for retaining sorbent materials.

During the experiment, the breakthrough progression of methyl
iodide was followed through each segment of the iodine sorbent.
This breakthrough is represented as a graph of C/Co versus grams
methyl iodide metered, where C = concentration of methyl iodide
leaving a 5-cm column segment of sorbent and Co = concentration of
methyl iodide in the feed stream to the column.

Total methyl iodide metered to Column I was 6.75 g and to
Column II 6.11 g. Figure 3 is the breakthrough for sections A, B,
C, and D of Column I. Figure 4 is the breakthrough curve for
sections A and C of Column II, and Figure 5 is the breakthrough
curve for sections B and D of Column II.

To determine the effectiveness of material A to protect the
silver mordenite, a comparison of breakthrough curves was made
between section C in Column I and section A in Column II and between
section D in Column I and section B in Column II. Table I summarizes
the breakthrough data.
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The iodine retention at a 1% breakthrough in 10 cm of Column I
(sections C and D) was 30 times greater than the iodine retention in
10 cm of Column II (sections A and B). Material A protected the
sorbent increasing the iodine retention. The iodine retention of
the material was also significantly less than theoretical. The
breakthrough for the unprotected Column I, extrapolated to C/Co = 100%,
was V0.7 g, which is 60% of the theoretical maximum.

It should also be noted that a small amount of iodine was
retained by the TBP sorbent in sections A and B of Column I. This
was unexpected and is assumed to be adsorption of the iodine onto
the TBP sorbent material. This same phenomenon was noted in other
experiments.

A second experiment was completed to evaluate material A as a
sorbent to remove TBP and protect iodine sorbent beds. Two 2.5-cm dia
stainless-steel columns were prepared. Column I contained five
5-cm segments of a 7% Ag impregnated silica gel iodine sorbent, and
Column II contained two 5-cm segments of material A followed by
three 5-cm segments of the 7% Ag impregnated silica gel iodine
sorbent. The columns were preconditioned with air at 2% relative
humidity for 20 hr, and air and TBP/NPH vapor for 1.5 hr prior to
metering methyl iodide. Conditions for this experiment were air
flowing at 1.9 %/min to each column and average methyl iodide con-
centration of 160 mg/m3. TBP concentration was about 10 mg/m3.

At the end of the experiment 8.5 g of methyl iodide had been
metered to each column. The breakthrough curves for Column I are
given in Figure 6 and Column II are given in Figure 7.

To determine the effectiveness of the TBP sorbent (material A)
to protect the iodine sorbent, a comparison of breakthrough curves
was made between section A in Column I and section C in Column II,
between section B in Column I and section D in Column II and between
section C in Column I and section E in Column II. Table II summa-
rizes the breakthrough data.

The iodine retention of the iodine sorbent in sections A and B
of Column I and sections C and D of Column II was nearly the same.
This indicated that material A contained in sections A and B of
Column II had little effect on the iodine retention of the iodine
sorbent located downstream. More importantly, however, the data
also indicated that iodine retention was near the stoichiometric
maximum (within the uncertainty) and therefore the presence of the
generated airborne TBP concentration of 10 mg/m3 did not have a
deleterious effect on the iodine sorbent.

Effect of NO, on Iodine Sorbent

The final experiment was altered slightly from the previous
studies using the bench-scale demonstration unit. In this experi-
ment, the effects of NO, on iodine retention were assessed. No
protective sorbent for TBP removal was used in this experiment. The
protective sorbent was to be included in future studies using NO;,; in
the feed stream; however, the project was terminated before addi-
tional experiments were started.
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Figure 3. Breakthrough history for methyl
iodide loading onto Column I.
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Figure 4. Breakthrough history for methyl iodide loading onto

18 wt% Ag substituted mordenite, Column II, sections A
and C.
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Figure 5. Breakthrough history for methyl iodide loading onto
18 wt% Ag substituted mordenite, Column II, sections B
and D.

Table I. Iodine retention of 18% Ag substituted
mordenite iodine sorbent.

Calculations From Theoretical
Measured % CH;3I Breakthrough Curves* Maximum#* *
Sample Breakthrough (C/C.x100) gl/g Ag gl/g Ag
Column I
Section A 90 (1.3) 7
Section B 82 (1.25) 7
Section C 55 0.4 \ 1.2
Section D 7 0.2
Section E None <0.1
Column II
Section A 65 0.4 1.2
Section B 60 0.2
Section C 45 0.2
Section D 30 0.1

* Calculated iodine retention at 1% breakthrough in two sections of
silver sorbent (from raw data) with uncertainty +25% at a 95% confidence
level: Column I (protection) 4.4 g, Column II (no protection) 0.14 g.
** Based on reaction Ag+I=AgI.
T Grams of Iodine.
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Figure 7. Breakthrough history for methyl
iodide loading onto Column II.
Table II. Iodine retention of 7% Ag impregnated iodine sorbent.
Calculated CH3I Retention
Measured % CH3I From Breakthrough Curves* Theoretical Maximum**
Sample Breakthrough (C/Co x 100) gIl/g Agt gl/g Ag
Column I 1.2
Section A 100 1.5
Section B 98 1.4
Section C 83 1.3
Section D 7 0.9
Column II 1.2
Section A 100 (material H) (<0.3%
Section B 100 (material H) (<0.5)
Section C 100 1.5
Section D 95 0.97
Section E 76 0.77

* Uncertainty is +25% at the 95% confidence level.

** Based on the reaction Ag + I

t+ Based on 7 wt% Ag.
; Grams of iodine.

= AgI.

Two stainless—-steel columns were prepared. Both columns con-
tained 5 cm of 7 wt% Ag silica gel iodine sorbent in five segments.
The columns were placed in the oven and preconditioned for 24 hr
with air at 2% relative humidity and with TBP/NPH vapor for 1 hr
prior to metering methyl iodide. The columns were kept at 130° to
135°C throughout the experiment.
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Methyl iodide was metered along with TBP/NPH vapor-laden air
flowing at 1.95 %2/min until a total of 6.66 g was loaded onto each
column. The approximate methyl iodide concentration was 200 mg/m3,
and the approximate TBP vapor concentration was 500 mg/m3.

Breakthrough curves for each column were constructed from the
data. Figure 8 is the breakthrough for Column I and Figure 9 is the
breakthrough curve for Column II. Iodine retention calculations are
given in Table III. As in a previous experiment, the TBP had no
effect on the total loading of iodine on the 7% Ag silica gel sor-
bent even though the TBP vapor concentration was increased from
10 mg/m3 to 500 mg/m3. Calculated loading was greater than the
stoichiometric maximum in both columns.
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0.10 |
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TOTAL GRAMS METHYL 10D 1DE METERED TO COLUMN
Figure 8. Breakthrough history for methyl iodide loading onto

7 wt%$ Ag impregnated silica gel sorbent, Column I.

The material from Column I was removed, examined and photo-
graphed to note the changes that occurred. The original material
was white and beaded. At the end of the iodine loading, the material
in the first two 5-cm sections of Column I was a light yellow mixed
with a few black beads; the third 5-cm section was about an equal
mixture of yellow and grey-black beads; the last two sections were
entirely black. This was expected since the first two sections were
saturated with iodine and yellow is a characteristic color of AgI.
The middle section was only partially loaded with iodine, confirmed
by the mix of yellow- and black-colored beads. The last two sections
had not "seen" any iodine and were black. The black color is a
characteristic of silver oxide formed by reaction of the sorbent
with the air or TBP/NPH vapor. The material in all segments was
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free-flowing and no organic residue could be visually detected,
although the odor of TBP was noticeable in all segments.
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Figure 9. Breakthrough history for methyl iodide loading onto
7 wt% Ag impregnated silica gel sorbent, Column II.

Table III. Iodine retention of 7% Ag iodine
sorbent prior to introducing NO,.

Calculated CH3I Retention Theoretical

Measured % CHj3I From Breakthrough Curves* Maximum®* *
Sample Breakthrough (C/Co x 100) gl/g Ag gl/g Ag
Column I 1.2
Section A 100 1.8
Section B 100 1.8
Section C 0.7
Section D -—-
Section E _—
Column II 1.2
Section A 100 1.8
Section B 100 1.8
Section C 1.2
Section D 0 -—
Section E 0 _—

* Uncertainty is +258 at the 95% confidence level.
** Based on the reaction Ag+I=AgI.
t Based on 7 wt% Ag.
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Column II was left in the oven at 130 to 135°C. Dry air con-
taining V2% NO, only was then metered to the column at 1.9 £/min
for 45 hr. This concentration of NO, was in the range expected in
actual reprocessing off-gas streams.%4) This process was done to
determine the effect NO, had on the iodine sorbent after being
loaded with iodine in the presence of TBP/NPH. It has been postu-
lated that NO, in an air stream containing TBP/NPH will counter-act
the deleterious effects of the TBP on the 7% Ag silica gel sorbent
by some uncertain mechanism.(l) It was assumed that Column II
looked the same as Column I (which was removed) before introducing
the N02 .

At the end of 45 hr the material in Column II was examined and
photographed. The first two 5-cm segments were all white and resem-
bled the virgin material. The third 5-cm segment was nearly all
white with a thin layer of yellow near the bottom (downstream) of
the segment. The last two segments were a pure light yellow; this
as noted earlier is characteristic of silver iodide. It appears
that the iodine loaded onto the first two segments of Column II was
"washed" onto the last two segments of the column by the NO,,
leaving the iodine sorbent in the original white state (regenerated).
This was not expected. Rather, it was assumed that the first two
segments of Column II would remain loaded with iodine and be the
characteristic yellow color. It was also expected that any of the
material not locaded with iodine (the material that was dark) would
be regenerated to the white color of the virgin material. The
silver on the silica gel would be reduced to the ionic (original)
AgNOj; state from the oxide (black) state by the NO,.

III. Conclusions

The following conclusions were drawn from the work reported in
this paper.

. The presence of airborne TBP vapor at a concentration of
500 mg/m3 reduced the capacity of a commercially available
18 wt% Ag substituted mordenite iodine sorbent to retain
iodine by 60% (compared to stoichiometric retention). This
material could not be used efficiently in actual process
off-gas streams without pretreatment to remove TBP. Further-
more, material A was demonstrated to be an effective sorbent
for TBP and protect the 18 wt% Ag mordenite iodine sorbent
downstream. Protected columns were able to retain 30 times
more iodine than unprotected columns.

° A 7 wt% Ag commercial silica gel iodine sorbent was not affected
by airborne TBP at ~10 mg/m3 concentration. The stoichiometric

maximum amount of iodine at saturation (100% breakthrough) was
retained by columns of the material kept at 130 to 135°C. 1In
some cases greater than the stoichiometric amount of iodine
calculated from breakthrough data was retained by the silica

gel sorbent at saturation. Because of this, the iodine sorbent

material may be able to be used in actual process streams
containing low concentrations (10 mg/m3) TBP without treating
the off-gas to remove the TBP.
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] Visual examination of 7 wt% Ag sorbent loaded with iodine in
presence of TBP/NPH and then subjected to 2 volume % NO, in
air indicated that the NO, will regenerate the sorbent. The
iodine appeared to wash off the material and leave the material
in the original state. This would be undesirable in an actual
process stream containing NO,. It is necessary to irreversibly
trap the iodine in a stable matrix. Additional analytical
work is needed to confirm this conclusion.
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DISCUSSION

SRIDHAR: On the desorbed iodine, what is the chemical
species? Is it retained as CH,I as it comes out of the beds, or is
it in some other form or variegy?

PARKER: I really don't know. I could not measure any
iodine while running the NO, through the columns. I was doing some
gas chromatographic analysis, but only for methyl iodide, and I
could not pick any up. So, the species must not be methyl iodide.
But what form of iodine it is in, I don't really know. Has anybody
got any ideas?

WILHELM: You may know that we have AC 6120, an amorphous
silicious acid, which is impregnated with silver nitrate. It has a
very special porosity and other properties. We found the same change
in color from gray or dark brown to nearly white or yellow when sweep-
ing the material with NO,. The reason is very simple. Silver nitrate
is reduced to silver, part of which is oxidized to silver oxide, and
silver oxide has a dark brown color. If you run NO through the trap,
the silver and silver oxide are converted again to silver nitrate, so
the color changes to white. What we did not find, was movement of
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the chemisorbed radioactive iodine along the filter bed or desorption.
The movement of iodine may be special to the conditions you had, or
to the material you used for the sorption process.

EVONIUK: In the experiment where you ran NO, on a material
balance, was there enough NOy to completely react witﬁ the loaded
methyl iodide that was at the front part, or did NOj; get carried
further down to the upper part of the column, i.e., to the end part
of the column?

PARKER: That's a good question. I will tell you why I
chose 45 hours and 2 percent NO,. First of all, 2 percent NO, is
somewhere in the range of what you would like to see in a typical
commercial reprocessing offgas stream. Forty-five hours was about
how much time I had until the end of the year. I really don't know
whether there was a sufficient amount of NO; in there to achieve a
material balance, or any kind of complete reaction. It was a guess,
more or less, and this concentration was run until I ran out of time.
Obviously, it shows that what is needed is a little more detailed
type of experiment to see whether, on a stoichiometric basis, there
is a sufficient amount of NO, to do the washing off, or if there is
enough for all the material that is in there. 1Is that what you are
asking?

EVONIUK: I was wondering if the NO, did not replace the
adsorbed species at the beginning part of the bed.

PARKER: I doubt if it stayed on the material in any way.
I think it was like a catalyst, or like a reactant, to return the
bed to its virgin form. This means, to move it back into the silver
nitrate form from the silver oxide form.

HERRMANN : How did you analyze the residual tributyl phosphate
after your adsorbent?

PARKER: You want to know how I knew what was depositing

on to the material? I did it in two ways, one as a backup to the
other. First of all, I measured the volume loss in the amount of
tributyl phosphate that I had to start out with. That is a pretty
rough way to estimate. The other way was to use a phosphorous analy-
zer which I connected to the entering stream containing the TBP.

I used the phosphorous analyzer to give me an estimate of how much
TBP was in the stream. With that concentration number, it was Jjust

a matter of monitoring total time to give the total amount. It was
not really accurate, maybe + 25%,
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IODINE TRAPPING AND CONDITIONING IN THE MERCUREX SYSTEM

G.E.R. Collard, D. Hennart, J. Van Dooren, W.R.A. Goossens
C.E.N./S.C.K., Mol, Belgium

Abstract

The Mercurex process, followed by adsorption on silvered
products, has been retained by the S.C.K./C.E.N. for further investi-
gation of a retention method for both inorganic and organic iodine
compounds in reprocessing plant off-gases.

A parametric study applied to different iodine compounds has led
to a design equation describing the influence of the gas and liquid
flow rates and of the nitric acid and mercuric nitrate concentration
on the scrubber efficiency. Mass transfer restriction in the liquid
phase limits the process rate for CH3;I, while gas phase resistance to
mass transfer is determinant for iodine removal.

Evolution of the iodine release from a batch-type dissolver
during simulated fuel dissolution was studied. The efficiency of the
process is influenced mainly by the dissolution grade of the fuel,
since it depends on the form of iodine released from the dissolver and
from the NOx scrubber installed upstream the Mercurex scrubber.

A iodine-mercury separation process is proposed for treatment of
the spent Mercurex solution. The process consists of the following
steps :

- electrolytic precipitation of mercury after complexation with hydra-
zonium chloride ;

- elimination of iodine by precipitation on a fixed bed of Cu,0 put on
a solid support ;

- recycling of mercuric nitrate after dissolution of mercury in nitric
acid ;

- recovery of the hydrazonium chloride.

The process as proposed, is the result of a laboratory study of the

different steps. Its major advantage is that the amount of waste

generated is limited to a minimum. However, experiments in a larger
scale equipment indicate that some modifications might be necessary.

Introduction

One of the problems in the removal of radioactive airborne
isotopes from gaseous effluents of reprocessing LMFBR fuels involves
iodine compounds retention, particularly the retention of the organic
iodine compounds. Several advanced methods have been proposed for
removing gaseous iodine species from dissolver off-gases. The most
important are the Iodox process(1 , the Mercurex process(2) and the
adsorption on silver exchanged( or impregnated(4 inorganic prod-
ucts. Amongst these, the Mercurex process has been chosen by the
C.E.N./S.C.K. for further investigation.

The most important aspects of this investigation are presented
in this paper in the sequence of three partial studies :
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- the parametric evaluation of the Mercurex process according to
experimental results obtained in packed-bed scrubbers ;

- the observation of the iodine behaviour in the gaseous effluents
leaving a simulated dissolution vessel and passing successively
through a nitrogen oxides scrubber and a Mercurex scrubber ;

- the development of a treatment process for the saturated Mercurex
sclutions resulting in a separation of iodine and mercury

Engineering evaluation of the process

Equipment
The experiments were carried out in the gas purification mock-up
GAS-TON described elsewhere(5:,6), Acid mercuric solutions are used to

scrub iodine-contaminated air with recycling of the solution. The
main flow of nitrogen or air is mixed with a secondary gas flow
artificially loaded with molecular iodine or methyliodide generated at
a constant rate and traced with !3!'I., The characteristics of the two
different packed-bed scrubbers used for the countercurrent gas-liquid
contact are described in table T.

Table I. Description of the packed-bed scrubbers

Column 1 Column 2
Column
material glass polvpropylene
diameter (m) 0.15 0.29
Packing
material glass steel
type Rashig Rings Pall Rings
dimensions {(mm) 15 x 15 x 1 25 x 25 x 0.5
specific area (m?/m?) 292 210
void fraction 0.74 0.95
height of packing (m) 1.7 1.7

The loop is fitted with gas sampling devices before
and after each column.

Theory

Since the reaction between methyliodide and mercuric nitrate is
not well known, it is assumed that the following reaction occurs in
concentrated nitric acid solutions in the presence of air

2 CHsT + 3.5 0, NQ3 5 co, + 3 He0 + I (1)

In more diluted nitric acid solutions, the oxidation is not complete
and the following reactions are supposed to be possible

2 cH,1 H20s HNQs 5 cpy 4+ 2 1- (2)
2 I~ + Hg(NOj3), ~ HgI, + 2 NO3 (3)
2 cHt + 2 H,0 > 2 CH;OH + 2 HY (4)
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Moreover, complexes between HgI,, I~ and NO3Z would be formed.
Whichever of these reactions takes place, it seems that the global
reaction is of pseudo first order with regard to CH;1 and would be
rather rapid.

It is likely that in the Mercurex process these liquid phase
reactions are combined with an absorption step of methyliodide from
the gas in the liquid phase. Thus the mathematical model of the
absorption process can rely on the following assumptions :

1. flow rates are constant with time and position ;
2. resistances to mass transfer are both in the gas and liquid phases;

3. Henry's law is applicable, that is : the gas-liquid equilibrium
distribution ratio of methyliodide is independant of CH3;I concen-
tration in the gas and depends only of the HNO; and Hg(NO;), con-
centrations in the solution ;

4. the reactions are sufficiently slow to be absent in the liquid
film, but rapid enough to occur in the bulk of the liquid ;

5. the mass transfer coefficients are constant throughout the packed
column.

The general relationships resulting from application of the two-
film theory(7), subject to the above conditions, have been applied in
order to describe the absorption of methyliodide and of elemental
iodine in a packed scrubber. In this way the following equation has
been found :

Z 1
InDF = — (5)

cf[a ,_ =B
pg GU.B ,Y.LO.B

where : A is a constant depending on the packing ;

B is a constant independant of the packing ;

DF is the decontamination factor for iodine ;

G is the gas load per cross sectional area (kg-m~2?.s"!) ;

L is the liquid load per cross sectional area (kg-m~?-s-!) ;
Z is the height of the packing (m) ;

Y is the solubility according to Oswald ;

pg is the specific mass of the gas (kg-.m~?).

Treatment of the experimental data

This equation is used here to correlate the experimental data
obtained with both columns. In the fig. 1 and 2 the gas and liquid
flow rates Fg and and F] are given in cubic meters per hour, the flow-
meters being calibrated in this unit. Are also given the acid and
mercuric nitrate concentrations in the solution passing through the
column.

The parameters in this equation are determined by rearranging
the equation to the following relationship :
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Fig. 1 : CH31 SCRUBBING INTHE 29 CM DIAMETER TOWER
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0.2 1 1 G°-°
. -1 - L ' '
!jG InDF} Z |:A + B W] (6)
where : A' = 2 (7)
g
B' = B (8)
Pg
0.8
This form clearly indicates that a plot of [G°*?.-1nDF]”! vs [%]
1] [}
yields a straight line with %T as intercept of the ordinate and ;{O as

slope.

For each set of data obtained at a definite composition of the
scrub solution, both line parameters have been calculated according
to the least square method. A trial and error adjustment of the B
relative influence of each HNO; and Hg(NO3;), concentration on the —
values ended the mathematical fitting, where ¥

B! 1 1
—— O + (9)

Y [HNO;] /[Hg (NO3) »]
[ENO;] - V/[Hg(NO3),]

or Y = x constant. (10)

[HNO,] + V[Hg (NO3), ]

No further study was performed in order to interprete this last
equation. It must be considered as valuable within the experimental
concentration range. The value of the constant has been found to be
equal to &.1 for methyliodide.

When the solubility of the absorbed compound is large, the
resistance in the gas film becomes limitative and the equation (6) can
be rewritten as follows :

(G°-2.1n DF]"! = . (11)
ng
as can be verified on the third part of fig. 2.

Consequently, design equations are got available which describe
the removal of iodine and methyliodide from a gas stream by means of
an acid solution of mercuric nitrate in a packed column.

Iodine behaviour during simulated dissolution

EguiEment

The behaviour of iodine during the dissolution of non-irradiated
fuel has been observed using the following equipment line : a dissol-
ution vessel, a first washing column for NOyx removal, a second washing
column for iodine compounds retention, a demister and two fixed beds
for the adsorption of the remaining iodine compounds(4). Uranium
oxide (3.5 to 4.5 kg) and sodium iodide (3.5 g) traced with '3!'I (100-

I
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lodine activity
(relative unit)
10 Fdecontamination factor

Fic. 3 : WET SECTION
[ODINE BEHAVIOUR IN THE CASES
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150 mCi) were added in nitric acid (23-25 dm?®) and the iodine concen-
tration was followed in the dissolver and in the gas stream.

Iodine release from the dissolver

In the dissolver iodine concentration rapidly decreases during
the first four hours and then tails off very slowly to the end of the
runs. After eight hours, 0.5 to 3 ¢ of the total iodine remain in
the dissolver and 0.5 to 1.5 % after 100 hours.

It seems likely that the elution of iodine is accelarated by the
emission of NO» due to the UO; dissolution. Afterwards, the iodine
concentration decreases more slowly and finally remains constant in
the solution.

Absorption of jiodine in the NOyx washing column

The NOx washing column is operated with recycled water which
becomes enriched in HNOj;. During the first hour of the dissolution,
the activity increases in the washing solution because of the large
amounts of iodine in the gas phase. Afterwards, iodine is eluated but
the desorption is not yet completed after more than 100 hours. At
this time, the iodine concentration in the washing solution is larger
than in the dissolver.

Absorption of iodine in the Mercurex column (fig. 3)

The Mercurex washing column is operated with a recycled acid
solution of mercuric nitrate (1 M HNOj;, 0.1 M Hg(NO3) ). Due to the
performance of the NOy scrubber, the iodine activity in the gas
between the two columns decreases slowly, although the iodine leaving
the dissolver is decreasing rapidly during the first hours of a run.
During this period, the decontamination factor obtained in the
Mercurex column decreases rapidly first and then more slowly. This
observation permits us to suppose the chemical form of the iodine
leaving the NOx scrubber to be more difficultly washed out by the
mercuric solution than elemental iodine.

Over-all decontamination factor

During all the runs covering a period of three mounths, the
activity measured in the gas downstream the silvered products has not
been higher than the background. This fact reflects that over-all
iodine decontamination factors of 10° to 10° are achieved using a
Mercurex scrubber followed by a bed of silver sorbents.

Treatment of spent Mercurex solutions

Process description

The spent Mercurex solution, loaded with iodine (table II), is
treated in a subsequent process, in which iodine and mercury are
separated. After separation, the mercury can be recycled to the
Mercurex process, while the iodine is precipitated and conditionned
for storage. 1In order to produce a minimal amount of waste,recycling
of the reagents needed is applied as far as possible. The flow-sheet
of this treatment process is given in fig. 4.
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Table II. Chemical composition of a spent
Mercurex solution

Compound Concentration
Hg?*t 0.2 M
Ht 1 M
NO3~ 1.4 M
I 0.03 M

The mercury is removed from the spent Mercurex solution by electrolytic
precipitation, after complexation of the mercuric ions with hydra-
zonium chloride. This precipitated mercury is recycled to the
Mercurex scrubber by redissolution in nitric acid. The iodine in the
spent solution, free of mercury, reacts with Cu,0 to Cul. Therefore
the spent solution percolates a fixed bed of Cu,0 put on a solid
support. Once saturated with iodide, the bed load is conditionned

for final storage.

Three more steps are added to the process in order to recover
the hydrazonium chloride for recycling into the mercury complexation
step, namely the fixation of hydrazonium cations on an ion-exchanger
which is regenerated with hydrochloric acid to give recyclable hydra-
zonium chloride, the destruction of nitrate by reaction with formal-
dehyde and the distillation of the remaining dilute hydrochloric acid
to get hydrochloric acid for the regeneration of the ion-exchanger.

A major advantage of this treatment process is that the amount
of waste produced is limited to a minimum. No other solid waste than
cul is reqularly formed. Of course, after some time the ion-exchangers
will have to be renewed. The liquid waste generated, i.e. the
effluent of the distillation step, consists of water that is only
slightly contaminated. No gaseous compounds other than compounds
already present in reprocessing effluents are formed (N, NOx, CO:).

Discussion of the results obtained on laboratory scale

The treatment process, as described above, is the result of a
development study of the different steps on laboratory scale, which
will be discussed here.

The electrolysis of the spent Mercurex solution started with a
mercury cathode, which has a high overvoltage for hydrogen formation,
and a platinum anode. Mercury was expected to 